Background and PurposezzX-linked bulbospinal muscular atrophy (X-BSMA) is characterized by bulbar and spinal muscular weakness and fasciculations. Although X-BSMA is a motor neuronopathy, there are several reports of myasthenic symptoms or decremental responses to repetitive nerve stimulation (RNS). We report the results of applying the RNS test to 15 patients among 41 with genetically confirmed X-BSMA; these 15 patients complained of fatigue, ease of becoming tired, or early muscular exhaustion.
Introduction
X-linked bulbospinal muscular atrophy (X-BSMA) is a slowly progressive motor neuronopathy characterized by adult-onset weakness and atrophy of the proximal limbs and bulbar muscles. Although X-BSMA differs pathogenetically from myasthenia gravis (MG), X-BSMA can be occasionally misdiagnosed as MG due to their similar clinical manifestations, including muscular weakness without sensory symptoms, ease of becoming tired, fatigue, and bulbar weakness. Although the repetitive nerve stimulation (RNS) test is used to evaluate the function of the neuromuscular junctions (NMJ), significant decremental responses to low-rate RNS (LRS) are frequently seen in motor neuron diseases (MND) such as amyotrophic lateral sclerosis (ALS). [1] [2] [3] [4] [5] It is assumed that such decrements may be related to disease activity or the degree of muscle atrophy. 2, 3 Unlike ALS, myasthenic symptoms or an abnormal decrement to RNS in patients with X-BSMA has been mentioned in only a few reports. [6] [7] [8] [9] [10] [11] We report the results of RNS testing of 15 patients with X-BSMA who complained of myasthenic symptoms including fatigue, ease of becoming tired, or early muscular exhaustion.
Decremental Responses to Repetitive Nerve Stimulation in X-Linked Bulbospinal Muscular Atrophy

Methods
Clinical and electrophysiologic data of 41 patients (37 families) with genetically confirmed X-BSMA were analyzed retrospectively. Fifteen of the 41 patients complained of muscular fatigability or diurnal fluctuation, and 4 of these 15 patients experienced transient ptosis or diplopia. The RNS test was subsequently performed because their symptoms were similar to those of MG and hence made it difficult to differentiate X-BSMA from MG. The serum titer of acetylcholinereceptor-binding antibody was measured in 3 of the 15 patients.
The peak-to-peak amplitudes of compound muscle action potentials (CMAPs) were recorded from five muscles during 3-Hz stimulation of the following three nerves according to a belly-tendon method: orbicularis oculi and nasalis muscles for the facial nerve, abductor digiti quinti and flexor carpi ulnaris muscles for the ulnar nerve, and the trapezius (TR) muscle for the spinal accessory nerve (Oh's technique). 12 The first and fifth CMAP amplitudes were compared, and their difference expressed as a percentage. A decrement greater than 10% was considered abnormal, in accordance with the suggestion by the AAEM Quality Assurance Committee. 13 The skin temperature at the recording site was maintained at or above 32°C. In a few patients, clinical and electrophysiologic responses were observed 30 minutes after the intramuscular injection of 1.5 mg of neostigmine.
The Spearman correlation coefficient was calculated using SPSS 12.0 for comparing CMAP amplitudes recorded from the TR muscle at rest and responses of the spinal accessory nerve to 3-Hz LRS. A correlation coefficient was considered as statistically significant if the p value was less than 0.05.
Results
The demographic characteristics are listed in Table 1 . The 15 patients were aged 55.9±11.6 years (mean±SD), and all of them complained of fatigability and/or diurnal fluctuation. All of the patients had leg weakness, 14 had arm weakness, and 8 had facial weakness. In addition, two patients (Cases 2 and 6) presented with diplopia, and another two (Cases 1 and 14) had clinical histories of transient ptosis. Four patients (Cases 2, 6, 7 and 8) had been diagnosed with MG and received treatment in other hospitals.
Abnormal decremental responses to the 3-Hz RNS test were noted in 10 of the 15 patients (67%), and were most common for the TR (9 cases) followed by the nasalis or orbicularis oculi (4 cases), flexor carpi ulnaris (3 cases), and ab- (Fig. 1) . In three patients (Cases 6, 8 and 10) who showed a noticeable decrement to LRS, neostigmine injection elicited a significant improvement in the decremental response (Fig. 2) .
Discussion
The principal features of X-BSMA are proximal and bulbar muscular weakness. However, fatigability or early muscular exhaustion, which is the main characteristic of NMJ disorders such as MG, has been reported infrequently. [6] [7] [8] [9] [10] [11] In our data, 15 (37%) of a total of 41 X-BSMA patients exhibited these myasthenic symptoms, making the differential diagnosis difficult. In fact, 4 of the 15 patients had been misdiagnosed as MG and had previously received treatment for the wrong condition.
A significant decremental response to LRS, which implies an impairment of neuromuscular transmission, was found in 10 (67%) of the 15 patients who underwent the RNS test. In 9 of these 10 cases, the abnormal decremental response was observed in the TR muscle. Inoue et al. recently also reported a decremental response in the TR muscle in 90% of their patients with X-BSMA. 11 On the other hand, previous studies involving ALS patients have mainly found decremental responses in the distal hand muscles. [2] [3] [4] Some of the authors insisted that the decrement was more pronounced in patients with rapidly developing disease, whereas others found that the magnitude of the decrement was correlated with the degree of muscle atrophy. 2, 3 Decrements in the TR muscle of up to 36.9% were recorded in the present study, while rates within the range of 10-20% have been found in most studies of ALS patients. [1] [2] [3] [4] We found a negative correlation between the CMAP amplitudes at rest and the magnitude of the decremental response to LRS in the TR muscle. However, no correlation was found between the disease duration and the magnitude of the decrement. Therefore, a decremental response may be more strongly correlated with the number of activated muscle fibers than with the rate of disease progression in X-BSMA.
Observation of clinical and electrophysiologic improvement after administration of an acetylcholinesterase inhibitor is important for the diagnosis of MG. However, 3 of our 15 X-BSMA patients exhibited a significant improvement in the decremental response after neostigmine injection. Myasthenic symptoms and a positive response to acetylcholinesterase inhibitor have also been described in some case reports of X-BSMA. [6] [7] [8] Therefore, it is possible that RNS and pharmacological tests are not helpful for the differential diagnosis of MG and X-BSMA.
The pathomechanism of the decremental response to LRS in MND has been attributed to the instability of NMJ induced by the repetitive process of denervation and reinnervation. 10 However, the decremental response in X-BSMA might be due to the negative effect of a mutant androgen receptor (AR) gene on neuromuscular transmission. The serum level of muscle enzyme is elevated in most X-BSMA patients, suggesting muscle involvement.
14,15 Doyu et al. 14 identified that mutant AR genes are widely expressed in various tissues including the testis, liver, and skeletal muscles. Soraù et al. 15 described the myopathic changes in X-BSMA through muscle biopsies of patients and carriers. Moreover, Monks et al. 16 demonstrated that AR expression was enhanced in myonuclei located at or in the vicinity of NMJ. These results suggest that the AR gene influences muscles or NMJ.
Our study shows that clinical and electrophysiological features similar to those of MG can be commonly observed in X-BSMA patients. Clinicians should therefore understand the limitations of the RNS test and take care not to overinterpret the results of electrophysiologic studies. The retrospective design of this study made it difficult to establish the pathomechanism underlying the decremental response on LRS in X-BSMA, and so extensive prospective studies of the RNS test and the role of the AR gene are required to elucidate the mechanism underlying the instability of NMJ.
